Abstract. Breast Cancer (BC) is one of the most common primary malignant tumors, which is life threatening. Previous studies have demonstrated that microRNAs (miRNA) may regulate or affect the incidence of BC. However, results of these studies are inconsistent, due to factors including the different sequencing platforms and sample selection methods used. To explore the key miRNAs involved in the pathogenesis of BC, and to use these miRNAs to monitor the tumor progression of BC, a systematic review was performed on the previous studies examining BC miRNA; the function of the target genes that were modulated by these key miRNAs were also analyzed. A total of 8 representative miRNA datasets examining the pathogenesis of BC were selected. Key miRNAs were identified by comparing the overlap between these datasets. Then, the target genes of these key miRNAs were predicted through TargetScan. Furthermore, functional enrichment analysis of target genes and transcription factor (TF) binding analysis was also performed using the Database for Annotation, Visualization and Integrated Discovery and Tfacts database, respectively. A total of 6 key miRNAs were identified by comparing the differentially expressed miRNAs datasets in the pathogenesis of BC. Compared with normal tissues, 3 miRNAs were upregulated: Hsa-miR-21b; hsa-miR-29b; and hsa-miR-155; and 3 miRNAs were downregulated: Hsa-miR-10b; hsa-miR-125; and hsa-miR-145. The target genes regulated by the up-and downregulated miRNAs were significantly enriched in the biological processes of 'transcriptional regulation', and these target genes depended on RNA polymerase II promoter and DNA template, respective to the up-and downregulated genes. The downregulated key miRNAs were specifically enriched in the biological processes of 'ephrin receptor signaling pathway' (GO: 0048013) and 'axon guidance' (GO: 0007411). TF analysis of the key miRNA target genes revealed that 104 TFs interacted with the 319 target genes of the upregulated miRNAs, while the 92 TFs interacted with the 254 target genes of the downregulated miRNAs. In total, there were 133 TFs and 63 (47.3%) TFs shared by the 2 types (up-and downregulated) of target genes. In summary, 6 key miRNAs in BC were identified by systematic review; the corresponding target genes and TFs that bind to these target genes were also identified, and the potential functions of target genes were revealed. These data may be beneficial to increasing the accuracy of BC treatment through monitoring miRNA.
Introduction
Breast cancer (BC) is one of the top five malignant cancer types in women worldwide in 2017 (1) . According to the World Health Organization, BC resulted in 521,000 mortalities in 2012 (2); additionally, ~1.7 million cases are diagnosed every year (3, 4) , only 1% of which were diagnosed in males (5) . The most common primary symptom of BC is a painless lump, and the diagnosis may be confirmed by biopsy (5) . BC is the most frequently occurring cancer in women of reproductive age (15-49 years) (6) . In addition, genetic factors account for 5-10% of all primary BC cases (7) . Women with either a mother or sister diagnosed with BC prior to 50 years of age have a 1.7% higher risk compared with patients with no family history of BC (8) . Prognoses of BC cases are different and depend on a number of factors; therefore, outcomes vary between different Identification of six key miRNAs associated with breast cancer through screening large-scale microarray data cases. Generally, the later the disease stage at point of diagnosis, the poorer the prognosis (5) . Therefore, it is important to understand the process of BC pathogenesis. MicroRNAs (miRNAs/miR) are important in activating and modulating gene expression in a number of critical cellular processes (7) . They are small, ubiquitous, endogenous single-chain molecules, 21-25 nucleotides in length, and are non-protein coding. They may inhibit the translation of the target mRNA, or reduce the activity of mRNA through the complete or incomplete complementary binding to the 3'-untranslated region of the target gene and forming a complex then inducing silence of the target gene (9) . This may reflect a mechanistic potential, enabling the bound complexes to avoid the mRNA clearing activity of the ribosome (10) . Several studies have indicated that differential miRNAs expression in cancer tissues is associated with human BC: For example, the downregulated miRNAs miR-125b, miR-145, miR-21 and miR-155 were closely associated with the biopathological features of different cancer types (11) . Overexpressed has-miR-10b is also significantly associated with BC; it promotes cancer cell migration and invasion (12) .
Although a series of studies were conducted on the miRNAs of BC, the results of the analysis of miRNAs expression datasets of BC in previous studies remain inconsistent (11) (12) (13) . These inconsistencies may be due to a number of factors, including the type of sequencing platform, sample selection, study design and exposure assessment (13) . By analyzing the key miRNAs in the pathogenesis of BC, the aim of the present study was to explore the association between miRNA and the prevention and treatment of BC.
In the present study, a systematic review of the miRNAs in BC identified in previous studies was conducted; the function of the target genes regulated by the key miRNAs was also analyzed to clarify the potential associations between the miRNAs and the risk of BC. Specifically, results from the prediction of the target genes of a number of BC-associated miRNAs were analyzed. In addition, the target genes and corresponding transcription factors (TF) associated with differentially expressed miRNAs were identified, in order to gain an improved understanding of the interaction of target genes and TF to the differentially expressed miRNAs in BC. Additional studies are required to apply these key miRNAs as biomarkers in BC diagnosis and site-specific treatment.
Materials and methods
Identification of BC miRNA datasets and screening of differentially expressed miRNAs. 'Breast Cancer' and 'miRNA' were set as keywords to screen previously published studies on Google Scholar (https://scholar.google.com/; date of assess, June 25th 2018). Following careful reading of original articles from the records, a total of eight datasets that contained the expression of miRNAs between BC and control tissues were determined. Then, the information concerning all differentially expressed miRNAs in BC was obtained. Subsequently, the details of up-and downregulated miRNAs in BC, as compared with the control normal samples, were also obtained from the reports of associated articles. The frequencies of the up-and downregulated miRNAs in separate datasets were calculated, and the miRNAs that appeared in at least 3 datasets were selected in the present study.
Indication of target genes of differential expressed miRNA in BC.
The sequence information of differentially expressed miRNAs was obtained from the miRBase database (http://www.mirbase.org; version 21; June 1st 2017) (14, 15) ; then this sequence information was transferred to a FASTA file (https://molbiol-tools.ca/Convert.htm). Using TargetScan software (version 6.0; http://www.targetscan. org/mamm_31) (16, 17) , the target genes associated with differentially expressed miRNA were indicated. The parameter for maximum number of target genes for each miRNA was set at 300, while the maximum non-target genes for each miRNA were excluded.
Functional enrichment analysis of target genes of differentially expressed miRNAs in BC.
The predicted target genes of the differentially expressed miRNAs were mapped into the Database for Annotation, Visualization and Integrated Discovery (DAVID) (18) to perform the Gene Ontology (GO) (19) and Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway (20) analyses. Then, the top 10 GO terms of the 'biological processes' from the GO annotation results were screened out, identified as those with P<0.05.
TF analysis of target genes regulated by up-and downregulated miRNA in BC.
The up-and downregulated target genes of BC miRNAs were uploaded to the TFactS database (21, 22) at (http://www.tfacts.org). The TFs were predicted using the P-value, q-value, E-value and false discovery rate (http://www. tfacts.org/); only TFs that were <0.05 for all 4 indexes were considered to be reliable. The TFs of target genes, which were mediated by up-and downregulated miRNAs, were counted separately. Subsequently, the number of shared TFs and different TFs of the target genes regulated by the up-and downregulated miRNAs were calculated.
Results

Method of screening.
To analyze the key miRNAs and their target genes in BC pathogenesis, and to explore the pathogenesis of BC, a systematic review was performed to first identify the key up-and downregulated miRNAs in BC. The target genes were predicted, and functional and TF analyses of the target genes were subsequently performed. The process is summarized in Fig. 1 . miRNAs identified through screening. A total of 8 independent miRNA expression datasets were identified from previous studies into miRNA expression profiles in BC, which provided details of miRNA profiles in BC tissues compared with in control tissues. In the present study, the 8 BC miRNA datasets were named based on the initials of the authors, as follows: i) SY (23) ; ii) IM (11); iii) VS (24); iv) HH (25) ; v) LA (26); vi) KL (27) ; vii) YL (28); and viii) SH (29) . The primary features of the 8 datasets used in the analysis are summarized in Table I ; these 8 datasets differed according to the sample type, number of samples, chip types and the number of probes on the chip. By using SVG mapping, the distribution of the differentially expressed miRNAs in the 8 datasets was analyzed, and it was identified that there were notable differences among the up-and downregulated miRNAs in each database (Fig. 2 ). As depicted in Fig. 2 , the count and composition of differentially expressed miRNAs exhibited notable differences between different datasets, and only a limited number of overlapped miRNAs were determined between datasets. There were also notable differences among the differentially expressed miRNAs in the distinct datasets. A total of 99 non-redundant differential miRNAs were identified in the 8 BC miRNA datasets. Table II indicates the number of differentially expressed miRNAs, and the results of the statistical analysis of the differentially expressed miRNAs identified in the 8 BC miRNA datasets.
There were 4 datasets that had >20 differentially expressed miRNAs: Dataset SY, 37; dataset IM, 29; dataset VS, 27; and dataset KL, 21. Among the upregulated miRNAs, the largest number for one dataset was 26 (SY), followed by dataset IM (17) ; the HH, LA and KL datasets all had the lowest numbers (all 2). Among the downregulated miRNAs, the largest number for one dataset was 19 (KL), followed by the IM (17) and VS (12) datasets; the HH dataset had the lowest number (2).
Screening and identification of differentially expressed miRNAs.
Data from the differentially expressed miRNAs, compared with the control samples, were collected from the previous studies, as presented in Fig. 3 . It was identified that 99 non-redundant miRNAs were identified from the 8 independent data sets, 55 of which were upregulated and 54 of which were downregulated. This also indicates the requirement for a systematic review of differential miRNA expression datasets in BC. Figure 1 . Process of analysis of the present study. By comparing previously published sequencing results of BC miRNAs, a total of 6 miRNAs supported by multiple datasets were identified. Then the target genes regulated by these meta-miRNAs were predicted. The meta-miRNAs functions on pathogenesis of breast cancer were enriched through functional enrichment analysis of the target genes of the meta-miRNAs, and transcription factor binding analysis. The numbers in brackets represent the number of processes, miRNAs or genes obtained by analysis. miRNA, microRNA; BC, breast cancer; DAVID, Database for Annotation, Visualization and Integrated Discovery; TF, transcription factor. The miRNAs expressed in at least 3 databases were selected as the most likely to be correct miRNAs for subsequent analysis. Consequently, a total of 6 meta miRNAs were identified in the differential miRNA datasets of BC. The results indicated that a total of 3 meta miRNAs were upregulated compared with the normal tissues, which were hsa-miR-21b, hsa-miR-29b and hsa-miR-155, and a total of 3 meta miRNAs were downregulated compared with the normal tissues, which were hsa-miR-10b, hsa-miR-125b and hsa-miR-145. These six were considered to be the most likely to be correct differentially expressed miRNAs, and key factors affecting the pathogenesis of BC.
In addition, information regarding miRNA location was collected from the miRBase database, and the specific differential miRNA expression profile data are summarized in Table II . The chromosomal distribution of these six meta miRNAs are relatively dispersed. Specifically, two meta miRNAs (hsa-miR-155, hsa-miR-125b) were located on chromosome 21, and the other four were located separately on 4 different chromosomes: Chromosome 1 (hsa-miR-29b); chromosome 2 (hsa-miR-10b); chromosome 5 (hsa-miR-145); and chromosome 17 (hsa-miR-21). This sporadic distribution indicates that the key miRNAs involved in the development of BC may have large differences in biological function (30) .
Prediction of target genes in differentially expressed miRNAs.
The target genes of the six meta-miRNAs (summarized in Table II) were predicted using TargetScan software. Although the default parameters were used, the prediction results varied widely. In order to accurately identify the target genes regulated by differentially expressed miRNAs, the maximum number of target genes was set as 300. According to the results, the number of target genes of all six differentially expressed miRNAs reached 300.
Functional analysis results of target genes of differentially expressed miRNAs.
The metabolic pathway enrichment results of each of the target genes regulated by meta miRNAs were obtained, which are presented in Fig. 4 . According to this figure, the KEGG Pathway functional enrichment results were identified in all six differentially expressed miRNAs, but the enrichment levels differed. Of these six miRNAs, the target genes of hsa-miR-155 had the widest range of pathway enrichment results, involving 26 KEGG terms; followed by hsa-miR-21, involving 24 KEGG terms; then hsa-miR-145 (17 KEGG terms), hsa-miR-10b (11 KEGG terms), and hsa-miR-125b (2 KEGG terms); and hsa-miR-29b (1 term).
The target genes identified to be associated with the upand downregulated miRNAs were uploaded to the DAVID website for functional annotation analysis. Then, the GO enrichment results of the most significant 10 biological processes (Biology Process) corresponding to the target genes regulated by the up-and downregulated miRNAs were collected, and the Pathway results with a P<0.05 were identified. As summarized in Table III , upregulated miRNAs in BC were predominantly enriched in the transcriptional regulation process. Respectively, they depend on the RNA polymerase II promoter (GO: 0045944: Positive regulation of transcription from RNA polymerase II promoter; GO: 000636: Transcription from RNA polymerase II promoter; and GO: 0006366: Transcription from RNA polymerase II promoter) and DNA template (GO: 0045893: Positive regulation of transcription, DNA-templated). The target genes of downregulated miRNAs in BC were enriched in the transcriptional regulation process (GO: 0045944: Positive regulation of transcription from RNA polymerase II promoter; GO: 0006351: Transcription, DNA-templated; GO: 0000122: Negative regulation of transcription from RNA polymerase II promoter; GO: 0045893: Positive regulation of transcription, DNA-templated; and GO: 0006357: Regulation of transcription from RNA polymerase II promoter). Additionally, they were specifically enriched in the ephrin receptor signaling pathway (GO: 0048013: ephrin receptor signaling pathway) and the biological process of axon guidance (GO: 0007411: Axon guidance).
The results of KEGG metabolic pathway enrichment (Table IV) cancer (hsa05205); axon guidance (hsa04360); circadian rhythm (hsa04710); transcriptional misregulation in cancer (hsa05202); and MAPK signaling pathway (hsa04010). This result further proved the significance of axon guidance (hsa04360) in the pathogenesis of BC and complexity of the pathogenesis of BC caused by multiple metabolic pathways.
Transcription factor analysis of target genes regulated by differentially expressed miRNAs.
In the present study, the TFs corresponding to the target genes of up-and downregulated miRNAs (Table II) were also analyzed, and the similarities and differences between the TFs of the two types of target genes identified. As indicated in Fig. 5A , 104 TFs interacted with 319 target genes of the upregulated miRNAs, while 92 TFs interacted with 254 target genes of the downregulated miRNAs. According to the similarities and differences of TFs between the two types of target genes, demonstrated in Fig. 5 , it was identified that there were 63 TFs shared by the two types of target genes, accounting for 47.3% of the total numbers of TFs. Fig. 5B indicated the crossover ratio, which is the most significant TF. According to this figure, the E-value was <0.05, and the highest crossover ratio value of transcription factors (SRF) was 42%, which indicated that the results of identified transcription factors were relatively reliable.
Discussion
In the present systematic review, the results of previous studies investigating the association between key miRNAs and the progression of BC were analyzed. A total of six key miRNAs were identified. The purpose of the present study was to analyze the roles of miRNA in BC that may affect the prognosis of BC, then to perform prognostic risk classification on patients, or identify novel therapeutic methods for BC. Upregulated hsa-miR-21 was identified as closely associated with BC in the present study. In previous studies, upregulated hsa-miR-21 has been demonstrated to be associated with neuroblastoma (31) and lung cancer (30) . It was identified that the consistent overexpression of hsa-miR-21 in tumors indicates oncogenic activity, and may be classed as an oncomiR (31) . These studies indicate that hsa-miR-21 may act as a universal indicator of cancer, instead of only for BC. Patients with lung cancer and high hsa-miR-155 expression levels exhibited poorer survival rates, compared with those with low hsa-miR-155 expression levels (30) . It was also demonstrated that the role of hsa-miR-155 in BC involved the promotion of tumor angiogenesis through targeting the von Hippel-Lindau pathway, and was closely associated with poor prognosis (32) . Hsa-miR-29 is a tumor promotor, which promotes metastasis in breast and colon cancer (33) . These data suggest that miRNAs are important diagnostic biomarkers for different types of cancer.
Of the three downregulated meta-miRNAs, hsa-miR-145 was identified to consistently exhibit decreased levels at certain cancer stages of colorectal neoplasia (34) . It was revealed previously that the decreased expression of has-miR-10b may lead to tumor invasion and metastasis through suppressing homeobox D10 and indirectly activating the pro-metastatic gene Ras homolog family member C (12). Hsa-miR-125b has been demonstrated to function as a tumor suppressor in breast (35) , bladder (36) and ovarian cancer (37) . It may decrease expression of the Mucin-1 oncoprotein, thereby promoting DNA damage-induced apoptosis (38) , suggesting that this miRNA is also an important biomarker for cancer. All the six key miRNAs identified in the present study have been demonstrated to be closely associated with the progress of not only BC, but also a range of cancer types. While five miRNAs indicated consistent roles in different types of cancer, hsa-miR-29 exhibited various functions (33) . This may also be a reason for the inconsistent outcomes of biomarker-associated miRNAs in different miRNA studies (35) . Hsa-miR-29 and hsa-miR-125b were regarded as novel diagnostic and prognostic biomarkers (33, 38) .
The KEGG pathway functional enrichment results were calculated for all six differentially expressed miRNAs. The three upregulated BC miRNAs were significantly enriched in the transcriptional regulation process, in particular the progress of RNA polymerase II promoter and DNA template. The target genes of the downregulated BC miRNAs were also enriched in the transcriptional regulation process. This may indicate that these biological transcriptional regulation processes serve a vital role in the pathogenesis of BC. Additionally, the three downregulated miRNAs were specifically enriched in the ephrin receptor signaling pathway (GO: 0048013) and the biological process of axon guidance (GO: 0007411). It has been suggested previously that ephrin receptors (Eph) and ephrins serve as tumor suppressors and negatively regulate tumor growth (39) . EphB6 is downregulated in invasive and metastatic BC (39) . The roles of Ephs and ephrins are multi-faceted; the up-or downregulated ephrin receptor signaling pathway also indicates a positive and negative effect on the metastasis of BC (24) . Additional studies are required to explore the complex function of this entire process. The axon guidance molecules, including ephrin, are important for cell proliferation and the adhesion of normal tissue (40) . The downregulated process of axon guidance in the present study indicated that it serves as a tumor suppressor in BC (40) . It has potential to serve as a biomarker in BC diagnosis and targeted therapeutic strategies.
Early diagnoses are vital to decreasing the mortality rate of cancer, and specific biomarkers are important for diagnosis, disease prediction and prognosis. Although there is evidence that miRNAs have critical effects on the pathology of BC, these remain incompletely characterized.
In the present study, a systematic review identified six miRNAs and the vital KEGG pathways, which suggests the potential of selecting specific and typical biomarkers for BC, as well as using the pathways and GO functions to further explore effective therapeutics strategies. In conclusion, miRNAs are important in the development and progression of cancer. In the present study, 6 key miRNAs involved in the pathological process of BC were identified, including the regulated target genes and TFs. The systematic review results indicated the potential for the prediction of BC prognosis and metastasis. Additional exploration of the differential expression of miRNAs and their associated pathways may provide insight into additional useful biomarkers for the diagnosis and prognosis of BC.
